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© Information recording and reading system, and recording device and reading device for use in 
such a system. 



© A recording and read system is disclosed for 
recording and reading information (Va) on/from a 
record carrier (1 ) with a higher speed than that with 
which it is received or supplied. In order to com- 
pensate for differences between the recording speed 
and the read speed and between the receiving 
speed and the supply speed the device comprises 
an input buffer memory (6) and an output buffer 
memory (11). 
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In order to minimise the required storage capac- 
ity of the buffer memories (6, 11) the device com- 
prises a control unit (10) which is loaded with a 
control program which each time temporarily inter- 
rupts the recording and read process in such a way 
that the degree of filling of the input buffer memory 
(6) and of the output buffer memory (11) remains 
within specific limits. 
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INFORMATION RECORDING AND READ SYSTEM, AND RECORDING DEVICE AND READ DEVICE FOR USE 

IN SUCH A SYSTEM. 



The invention relates to an information record- 
ing and read system comprising scanning means 
for scanning a track on a record carrier of an 
inscribable type for the purpose of recording and 
reading information, the scanning speed during re- 
cording substantially corresponding to the scanning 
speed during reading, a recording device compris- 
ing recording means for recording information in 
the track at the scanning location, a read device 
comprising read means for reading the information 
recorded in the track at the scanning location. 

The invention further relates to a recording 
device and read device for use in the system. 

Such a system in the form of an optical record- 
ing and read system is known from the Applicant's 
EP-A 0,325,330 (PHN 12.399). Said application de- 
scribes an optical recording and read system in 
which, for the purpose of recording and/or reading, 
the track of a disc-shaped optical record carrier is 
scanned by a radiation beam which is focused on 
the record carrier. 

In order to enable the recording and read pro- 
cess to be optimised various servo arrangements 
are needed for scanning control. For example, op- 
tical recording and read devices comprise inter alia 
a tracking control for keeping the radiation beam 
on the track, a focus control for keeping the radi- 
ation being focused on the record carrier, and a 
speed control for controlling the scanning speed. 
The disturbances which affect the servo systems 
are mainly disturbances caused by imperfections 
of the record carrier, such as for example an ec- 
centric position of the centre of rotation, non-cir- 
cularity of the tracks and non-flatness of the record 
carrier. The width of the frequency spectrum of 
these disturbances strongly depends on the scan- 
ning speed, so that the optimum adaptation of the 
servo system to the disturbances to be handled 
also depends stongiy on the scanning speed. 

This dependence constitutes a problem if a 
recording and read device should process a digital 
signal, for example a digitised audio or video sig- 
nal, whose bit rate, for example as a result of 
another digitising method or data compression, is 
lower than that for which the recording device has 
been designed originally. Maintaining the scanning 
speed at the original value during recording has the 
drawback that the information density on the record 
carrier, represented by the required length per data 
bit, decreases substantial, so that the available 
storage capacity of the record carrier is utilised 
only partly. 

Conversely, reducing the scanning speed has 



terns is no longer optimal. 

It is an object of the invention to provide 
means enabling a recording and read system as 
defined in the opening paragraph to be adapted to 

5 record digitised information of a bit rate lower than 
that for which the device has been designed 
originally, without detriment to the information den- 
sity of the record carrier and the performance of 
the servo systems. 

70 To this end the recording and read system is 
characterized in that the recording device com- 
prises an input buffer memory for, prior to record- 
ing, temporarily storing information to be recorded, 
recording control means for causing the recording 

75 to be interrupted, for causing the scanning spot to 
jump to a preceding portion of the track, and for 
causing the recording process to be resumed when 
the track portion where the recording has been 
interrupted is reached again, in such a way that a 

20 degree of filling of the input buffer memory re- 
mains between specific limits, in that the read 
device comprises an output buffer memory for the 
temporary storage of the read information prior to 
the extraction of the read information, and read 

25 control means for causing the storage of the in- 
formation read to be interrupted, for causing the 
scanning spot to jump to a preceding track portion, 
and for causing the storage of the information read 
to be resumed when the track portion where stor- 

30 age has been interrupted is reached again in such 
a way that a degree of filling of the output buffer 
memory remains between specific limits. As a re- 
sult of the above steps the scanning speed during 
recording and reading, using the same information 

35 density, has become independent of the speed 
with which the information to be recorded is re- 
ceived or with which the information read is sup- 
plied, so that at a scanning speed for which the 
operation of the servo systems is optimum the 

40 device in accordance with the invention is, in prin- 
ciple, capable of recording and/or reading informa- 
tion having a bit rate lower than the bit rate cor- 
responding to the scanning speed. 

It is to be noted that EP-A-0,1 96,590 describes 

45 a magneto-optical recording and read system in 
which the recording speed is equal to twice the 
speed with which the information is received and in 
which the difference in recording speed and receiv- 
ing speed is compensated for by means of an 

50 input buffer memory. However, this concerns is a 
system in which each time before new information 
is recorded the recording speed is increased to 
provide time to perform an additional erase pro- 
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tion is to be recorded. However, a result of the 
increased recording speed a difference arises in 
the scanning speed during recording and the scan- 
ning speed during reading, which adversely affects 
the performance of the servo systems. 

Moreover, US 4,536,864 describes a read de- 
vice for reading optical record carriers of the read 
only type, in which the reading speed of the record 
carrier is increased relative to the nominal reading 
speed, so that the speed of reading becomes high- 
er than the speed with which the information is 
supplied. The difference between the reading 
speed and the information supply speed is com- 
pensated for by an output buffer memory. How- 
ever, the object of increasing the reading speed is 
to reduce the susceptibility to shocks of the servo 
systems. 

An embodiment of the system is characterized 
in that the the recording device comprises a 
modulator for modulating, prior to recording, an 
information signal which is representative of the 
information to be recorded, the read device com- 
prising a demodulator for demodulating, after read- 
ing, a modulated information signal read, the re- 
cording device being adapted to store the non- 
modulated information signal in the input buffer 
memory and/or the read device being adapted to 
store the information signal read, which has already 
been demodulated, in the output buffer memory. 

This embodiment advantageously utilises the 
fact that the number of bits in the unmodulated 
information signal is smaller than in the modulated 
information signal. Thus, for the storage of the 
unmodulated information signal a comparatively 
small storage capacity of the buffer memories is 
adequate. The last mentioned embodiment is par- 
ticularly attractive for recording information in a 
track having a preformed track modulation repre- 
senting the address information. Since in this em- 
bodiment the difference in receiving time and re- 
cording time of the information is compensated for 
by the temporary storage of the still non-modulated 
information signal it remains possible during re- 
cording to add the address information derived 
from the track modulation directly to the informa- 
tion signal during modulation. This is in contra- 
distinction to a storage method in which the modu- 
lated information signal is stored temporarily. 

When the recording process has been inter- 
rupted and resumed the phase of the recorded 
signal directly before the position where recording 
has been interrupted may not be contiguous to the 
phase of the recorded signal immediately after this 
point. During reading such a phase discontinuity 
(phase jump) of the recorded information may give 
rise to read errors. When a digitised audio or video 
signal is recorded to which redundant information 
has been added for the purpose of error correction, 



such as for example in the case of an audio signal 
digitised in conformity with a CD standard, these 
read errors caused by phase discontinuities do not 
present a real problem because in general such 

5 read errors can be corrected readily on the basis of 
the redundant information added to the signal. 

An attractive embodiment of the system, which 
enables phase discontinuities and hence any ad- 
verse effects thereof to be reduced considerably, is 

w characterized in that the recording means are cloc- 
ked, the device further comprising synchronisation 
means for synchronising a clock signal for the 
control of the recording process with a data clock 
signal derived from information read from a track 

75 portion which is scanned prior to resumption of the 
recording. 

Another embodiment of the system is char- 
acterized in that the device comprises address- 
generating means for supplying addresses which 

20 are indicative of the instantaneous scanning loca- 
tion, the recording control means and/or read con- 
trol means being adapted to interrupt the recording 
and/or read process at an instant which is shifted 
by a predetermined time relative to the recording 

25 and/or read process of a synchronisation code in- 
cluded in the information, the recording and/or read 
control means comprising means for the storage of 
the address associated with the position of in- 
terruption of the recording or read process, and 

30 means for determining the position in the track 
where recording or reading should be resumed on 
the basis of the stored address and one of the 
synchronisation codes included in the information 
which is read prior to resumption. If for determining 

35 the point of interruption and resumption in the track 
use is made of the available address information 
and synchronisation codes the points where the 
information read out is interrupted can be selected 
independently of the points where recording of this 

40 information has been interrupted. This has the ad- 
vantage that during reading the point where read- 
ing begins can be selected independently of the 
points where the information has been interrupted 
during recording. This is in contradistinction to the 

45 recording and read methods in which additional 
codes are added to the modulated information sig- 
nal to indicate where recording and reading may 
be interrupted. 

Further embodiments and the advantages 

50 thereof will now be described in detail with refer- 
ence to Figs. 1 to 7, in which 

Figs. 1 and 6 show embodiments of a recording 
and read system in accordance with the inven- 
tion, 

55 Figs. 2 and 4 are flow charts of control pro- 
grams carried out by control units in recording 
and read systems in accordance with the inven- 
tion, 
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Rg. 3 is a plan view of a record carrier to 
illustrate the invention, 

Figs. 5a and 5b show modifications to the sys- 
tem shown in Rg. 2, 

Rg. 7 shows a modification to the system illus- 
trated in Rg. 6. 

Rg. 1 shows a first embodiment of a recording 
and read system in accordance with the invention. 
The device comprises a motor 1 for rotating a disc- 
shaped record carrier 2 of an inscribable type 
about its axis, for example an optical record carrier 
having a spiral track. A read/write head 3 is ar- 
ranged opposite the rotating record carrier 2. The 
read/write head 3 may comprise, for example, a 
customary optical read and write head by means of 
which a track on the record carrier 2 is scanned 
with a radiation beam for the purpose of reading 
and recording information. The system comprises a 
tracking system (not shown) of a customary type, 
which ensures that the centre of scanning spot 
formed on the record carrier substantially coincides 
with the track centre. The device further comprises 
a focus control (not shown) for keeping the scan- 
ning beam in focus on the record carrier, a 
scanning-speed control system (not shown) of a 
customary type for controlling the speed with which 
the record carrier 2 is moved past the read/write 
head 3. By means of a radial positioning system 4 
the read/write head 3 can be moved in a radial 
direction relative to the record carrier 2. 

The recording and read system further com- 
prises a circuit for digitising an analog signal Va, 
for example a clocked analog-to-digital converter 5. 
In addition to an analog/digital converter the circuit 
for digitising the analog signal may also comprise a 
digital processing circuit for compressing the digital 
signal appearing on the output of the analog-to- 
digital converter. Moreover, it is not necessary that 
the information to be recorded is presented in 
analog form. This information may also be pre- 
sented in digital form and may be converted by a 
digital processing circuit, such as for example a 
standard digital audio interface circuit, prior to re- 
cording. When the analog-to-digital converter 5 is 
used the bit rate of the digitised signal Va* de- 
pends on the desired quality of the digitised signal, 
which is dictated inter alia by the number of bits 
per signal sample and theTsampling rate. However, 
the use of data compression techniques may re- 
duce the bit rate without a significant loss of qual- 
ity. All this may result in the bit rate of the digitised 
signal being substantially lower than the bit rate of 
customary digitised signals such as a standard CD 
signal or a DAT signal. This means that the bit rate 
of the digitised signal to be recorded no longer 
corresponds to the bit rate of the signal for which 
the customary recording and read devices for 
diciitisad information hava h««n riftsinnarl. Durinn 



recording this difference in bit rate can be com- 
pensated for by the use of an input buffer memory 
6, for example of the Rrst-ln-Rrst-Out (FIFO) type, 
which is arranged between the analog-to-digital 

5 converter 5 and a driver circuit 7 for the read/write 
head 3 and which is loaded at a rate corresponding 
to the bit rate of the digitised signal Va 1 on the 
output of the analog-to-digital converter 5, the in- 
formation being read out of the memory to be 

10 applied to a data input of the driver circuit 7 at a 
rate corresponding to the scanning speed during 
recording. 

For controlling the analog-to-digital conversion 
and the process of loading the input buffer memory 

is 6 the device comprises a clock signal generator 8 
for supplying a clock signal c!1 for the analog-to- 
digital converter 5 and a clock signal cl2, which is 
related to clock signal ci1, for the input buffer 
memory 6. It is to be noted that the frequency of 

20 the clock signal c!1 dictates the bit rate of the 
digitised signal Va 1 . 

A second clock signal generator 9 supplies a 
transfer clock signal c!3 to the input buffer memory 
6 for fetching the information from the input buffer 

25 memory 6, the transfer clock signal cl3 having a 
frequency which is related to the scanning speed 
during recording. In order to minimise the storage 
capacity of the input buffer memory 6 the record- 
ing process can be controlled in such a way that 

30 when a specific upper limit of the degree of filling 
the input buffer memory 6 is exceeded an informa- 
tion output cycle is performed, in which the in- 
formation stored in the input buffer memory 6 is 
fetched and is subsequently recorded. The cycle of 

35 fetching and recording the information is sustained 
until the degree of filling has come below a specific 
lower limit, after which the fetching and recording 
cycle is stopped until the degree of filling has 
again exceeded the upper limit. To realise such a 

40 control process the system comprises recording 
control means, which comprise for example a prog- 
rammable control unit in the form of a microcom- 
puter 10 loaded with a suitable program. The 
microcomputer 10 is coupled to the radial position- 

45 ing system 4, by applying a control signal, it 
causes a radial jump of the scanning spot in a 
radial direction by a specific number of tracks. The 
microcomputer is further coupled to the clock sig- 
nal generators 8 and 9 for activating and de-activat- 

50 ing the generation of the clock signals supplied by 
the generators 8 and 9. The microcomputer 10 also 
supplies a control signal to the driver circuit 7. The 
driver circuit 7 is constructed in such a way that 
depending upon the received control signal the 

55 read/write head 3 is set to the read mode or to the 
write mode. In the read mode the write/read head 3 
supplies a read signal VI which is representative of 

thft infnrmatinn racnrdnd in tha trartW nnrHnn hpinn 
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scanned by the read/write head 3 at the scanning 
location. In the write mode the information received 
on the data input of the driver circuit 7 is recorded 
by means of the write/read head 3. For the purpose 
of controlling the recording process and the micro- 
computer 10 the input buffer memory 6 further 
supplies an indication signal Vg1 which is indica- 
tive of the degree of filling of the input buffer 
memory 6. Moreover, an output signal of the input 
buffer memory 6, which signal represents the in- 
formation fetched from the input buffer memory, is 
applied to the microcomputer 10. Finally, the 
read/write head 3 is also coupled to the microcom- 
puter 10 to supply the read signal VI to the micro- 
computer 10. 

The method of controlling the recording pro- 
cess wil now be explained with reference to Fig. 2, 
which shows a flow chart of a suitable control 
program and Fig. 3, which is a plan view of said 
information carrier 2 and the track 31 on this in- 
formation carrier. 

The program, whose flow chart is shown in Fig. 
2, comprises a step S1 which is performed if the 
analog information applied to the analog-to-digital 
converter 5 is to be recorded. During the step S1 
the read/write head 3 is moved in a customary 
manner to a desired radial position where the re- 
cording should start and under control of the micro- 
computer 10. Subsequently, while the step S2 is 
performed, the analog-to-digital converter 5 is ac- 
tivated by activating the generation of the clock 
signal c!1. It is to be noted that it is not necessary 
to start analog-to-digital conversion after the 
read/write head 3 has reached the desired position. 
This may also be effected prior to the search for 
the desired position. The digitised information on 
the output is loaded into the input buffer memory 6 
in synchronism with the load clock signal cl2. After 
the step S2, while the step S3 is performed, it is 
ascertained on the basis of the indication signal 
Vg1 whether the degree of filling of the input buffer 
memory 6 has exceeded a specific value Vmax. 
Once the degree of filling has exceeded this value 
it is checked in the step S4 whether the information 
stored in the input buffer memory 6 concerns the 
first packet of information to be recorded. If this is 
the case, the track where recording can be started 
is located during the step S4a in a manner as 
described, for example, in European Patent Ap- 
plication EP-A-0,325,329 (PHQ 88.002). Subse- 
quently, recording is started white the step S5 is 
performed. During the step S5 the generation of 
the transfer clock signal c!3 is activated, so that the 
information stored in the input buffer memory 6 is 
applied to the control circuit 7 in synchronism with 
the transfer clock signal cl3. Moreover, during the 
step S5 the read/write head 3 is set to the write 
mode, causing the information applied to the driver 



circuit to be recorded. By way of illustration the 
point where recording in the spiral track 31 begins 
is indicated by the reference numeral 30 in Fig. 3. 
The speed with which the information is 

s fetched from the input buffer store 6 is higher than 
the speed with which the input buffer memory 6 is 
loaded, so that the degree of filling of the input 
buffer memory 6 will decrease as recording pro- 
ceeds. In the step S6 it is ascertained whether the 

w degree of filling of the input buffer memory has 
decreased below a specific limit Vmin. If this is the 
case, the position in the track where recording is to 
be interrupted is determined during step S7. More- 
over, the information specifying this position is 

is stored for example, in the memory of the micro- 
computer 10. If the recorded information includes 
address information, the location where the record- 
ing is to be interrupted can be defined roughly by 
an address included in the information. The exact 

20 position of the interruption can be represented by a 
synchronisation code which is recorded at a pre- 
determined position relative to the position of in- 
terruption. This synchronisation code may com- 
prise a code which can be distinguished from the 

25 information and which for this purpose has been 
added to the information to be recorded. If the 
information to be recorded already includes synch- 
ronsation codes, such as for example the EFM 
synchronisation signals or the sub-code synch- 

30 ronisation signals in a standard CD signal, these 
are preferably used for indicating the exact position 
of the interruption of the recording. This can be 
achieved, for example, by interrupting the record- 
ing at a fixed instant after the next synchronisation 

35 code appearing after the degree of filling has 
dropped below the limit value Vmin. The actual 
interruption of the recording is realised in the step 
S8. In this step, at the instant at which the position 
is reached where the recording is to be interrupted, 

40 the read/write head 3 is set to the read mode and 
at the same time the transfer of the information 
from the input memory store 6 is discontinued by 
de-activating the generation of the transfer clock 
signal c!3. In Fig. 3 the point where the recording is 

45 interrupted in the track 31 bears the reference 
numeral 32. After the step S8 it is ascertained 
during the step S9 whether all the information 
packets have already been recorded. If this is not 
the case the step S10 is carried out, in which the 

so read/write head is made to jump over one or more 
tracks to a turn of the spiral track which precedes 
the track portion in which a recording has been 
interrupted. In Fig. 3 this jump is indicated by an 
arrow 33. As a result of the radial jump a track 

55 portion is scanned which is situated before the 
point 32 where the recording has been interrupted. 
During the step S11 it is tested by means of the 
read signal VI whether the point 32 is reached 
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again. This is possible, for example, by comparing 
the address information obtained during reading 
with the stored address, which roughly indicates 
the position where the recording has been inter- 
rupted. Subsequently, the exact position of the 
interruption can be determined by detecting the 
next synchronisation code which appears in the 
read signal VI after coincidence between the said 
addresses has been detected. Upon detection of 
the exact position of the interruption recording is 
resumed by performing the step S5. It is to be 
noted that instead of by means of the method 
described hereinbefore the instant of resuming can 
also be determined depending upon the degree of 
filling. For example, it is possible to postpone the 
resumption of the recording process until the de- 
gree of filling of the input buffer memory has 
exceeded a specific maximum value and, subse- 
quently, to locate the point where the recording has 
been interrupted. During recording of the entire 
signal to be recorded the recording is each time 
interrupted temporarily at the positions indicated by 
the reference numerals 33, .... 36 in the track 31. 
This process of interrupting and resuming the re- 
cording proceeds until in the step S9 the last 
packet of the information to be recorded is de- 
tected and the step S12 is performed. During the 
step S12 digitisation of the information applied to 
the analog-to-digital converter 15 and loading of the 
digitised information into the input buffer memory 6 
is stopped by deactivation of the transfer clock 
signal c!2 and the clock signal ch. It is to be noted 
that in general the input buffer memory will then 
not yet be completely empty. However, this is not 
problematic when audio signals are to be recorded, 
because it concerns only very brief signal portions. 
However, if the entire audio signal is to be re- 
corded, the buffer memory can be replenished with 
a signal representing silence and the position 
where the recording is terminated can be selected 
in such a way that the instant of stopping appears 
while the signal representing this silent passage is 
recorded. 

The recorded information can be read by scan- 
ning the track in which the information has been 
recorded with the read/write head 3, which should 
be set the read mode for this purpose. The 
read/write head 3 then supplies the read signal VI 
which can be loaded into an output buffer memory 
11 in synchronism with a load clock signal c!4 
generated by the clock signal generator 9. The 
information loaded into the output buffer store 11 
can be extracted in synchronism with a transfer 
clock signal cl5 generated by the clock signal 
generator 8. The extracted information is applied to 
a digital-to-analog converter 12, which is controlled 
by a clock signal cl6, which is also generated by 
thft clnck sinnal nanAratnr fl. ThA rncnrdftci informa- 



tion is available in analog form on the output of the 
digital-to-analog converter 12. The speed with 
which the track on the record carrier is scanned 
during reading of the recorded information is se- 

5 lected to be equal to the scanning speed during 
recording, so that the tracking control system can 
be optimised both for recording and for reading. 
The frequency of the transfer clock signal cl4 is 
selected in such a way that the speed with which 

w the output buffer memory 1 1 is loaded corresponds 
to the scanning speed during information reading. 
The frequencies of the clock signals c!5 and c!6 
are selected in such a way that the speed with 
which the analog information appears on the output 

15 of the digital-to-analog converter 12 corresponds to 
the speed with which this information is received 
by the analog-to-digital converter 5, so that upon 
reading a faithful reproduction of the recorded in- 
formation is achieved. The information is read un- 

20 der control of the microcomputer 10, which is load- 
ed with a program suitable for this purpose. 

Fig. 4 is a flow chart of a suitable program. 
This program includes a step S20 in which under 
control of the microcomputer 10 the read/write 

25 head 3 is positioned opposite the track portion in 
which the information to be read has been re- 
corded. Subsequently, in the step S22 reading is 
started by activating the generation of the clock 
signals c!4, c!5 and cl6. As a result of the activation 

30 of the clock signal generation the information read 
is loaded into the output buffer memory 1 1 with a 
speed corresponding to the read speed. The stored 
information is fetched from the output buffer mem- 
ory 11 with a speed lower than the loading speed 

35 and is subsequently converted into analog form by 
the digital-to-analog converter 12. As a result of the 
difference between the fetching speed and the 
loading speed the degree of filling of the output 
buffer memory will increase. In the step S23 the 

40 degree of filling, which is indicated by an indication 
signal Vg2 generated by the output buffer memory 
11, is compared with a maximum value Vmax2. 
When the degree of filling exceeds the maximum 
value the step S24 is carried out, in which the 

45 position is determined where loading of the in- 
formation being read can be interrupted. This can 
be determined in a manner similar to the manner in 
which the interruption is determined during record- 
ing, on the basis of the address information which 

50 indicates the scanning position and of the synch- 
ronisation codes included in the recorded informa- 
tion. When this position is reached information 
reading and loading of the information in the output 
buffer memory 11 is discontinued in the step S25 

55 by de-activating the generation of the clock signals 
c!5 and cl6. Subsequently, in the step S26 the 
scanning spot is made to perform a radial jump to 

a turn of th« sniral trark which nracflrtAS th* nnint 
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where reading has been interrupted. 

Subsequently, in the step S27 it is checked 
whether all the packets of the desired information 
have been read completely. If this is not the case, 
it is ascertained during step S28 on the basis of, 
for example, the address information and the syn- 
chronisation codes in the signals being read wheth- 
er the point where reading has been interrupted is 
reached again. As soon as this point is reached, 
loading of the output buffer memory is resumed by 
activation of the clock signal cl4 in the step S29. 
After the step S29 the step S23 is repeated and 
loading of the information being read is interrupted 
again when the degree of filling of the output buffer 
memory again exceeds the value Vmax2. 

This process of each time temporarily inter- 
rupting the storage of the information being read 
proceeds until during the step S27 it is ascertained 
that all the desired information has been read, after 
which the step S30 is performed, in which the 
extraction of information from the output buffer 
memory is discontinued by de-activating the gen- 
eration of the clock signals cl5 and c!6 as soon as 
the output buffer is empty. 

In the recording and read system described 
hereinbefore it is achieved that the scanning speed 
during recording and reading is independent of the 
speed with which the information is received or is 
to be supplied by the use of the buffer memories 6 
and 11 and by controlling the recording and the 
reading process. By simply adding buffer memo- 
ries and a simple-to-realise adaptation of the con- 
trol program this enables an existing design of a 
recording and read device to be converted into a 
recording and read device by means of which 
digitised information can be recorded whose bit 
rate is lower than the bit rate of the digitised 
information for which the device has been designed 
originally. 

When digital information is recorded it is often 
subjected to an additional modulation process prior 
to recording, in order to render the information to 
be recorded better suitable for recording. In gen- 
eral this means that the bit rate of the information 
after encoding will be higher than prior to modula- 
tion. The storage of the non-modulated signal and 
buffer memories is to be preferred over the storage 
of the modulated signal in the buffer memories 
because in the first case buffer memories having a 
smaller storage capacity can be used. 

By way of illustration Fig. 5a and Fig. 5b show 
the preferred positions of the buffer memories in 
the case that the digitised information to be re- 
corded is subjected to an additional modulation 
process. These Figures only show that part of the 
system which has been modified in comparison 
with the system shown in Fig. 1 . In Fig. 5a these 
modifications pertain to a modulation circuit 50 for 



modulating the information fetched from the input 
buffer memory. The modulation circuit 50 should 
be de-activated or activated at the same instant at 
which loading of the output buffer memory 11 is 

5 interrupted and resumed respectively. This can be 
realised simply, for example by the use of a 
modulator which is clocked in synchronism with the 
load clock signal cl3. Further, by way of alternative 
Fig. 5a shows a digital data compression circuit 5a 

to arranged between the analog-to-digital converter 5 
and the input buffer memory. 

The modifications shown in Fig. 5b pertain to a 
demodulation circuit 51 for demodulating of the 
information read before this information is applied 

75 to the output buffer memory 11. The demodulation 
circuit 51 should be rendered inoperative and oper- 
ative at the same time that loading of the output 
buffer memory 11 is interrupted and resumed re- 
spectively. This can be realised simply, for exam- 

20 pie by the use of a demodulator which is clocked 
in synchronism with the load clock signal c!3. Fig. 
5b, by way of alternative, shows a digital data 
decompression circuit 12a arranged between the 
output buffer memory 11 and the digital-to-analog 

25 converters. 

Fig. 6 shows another embodiment of a record- 
ing and read system in accordance with the inven- 
tion for recording information modulated in confor- 
mity with a CD standard. The system shown is 

30 constructed to record information applied with an- 
other speed than that prescribed by the CD stan- 
dard. Elements in Fig. 6 which correspond to ele- 
ments in the embodiments described above bear 
the same reference numerals. 

35 The system shown is adapted to record EFM 

modulated information at a scanning speed situated 
within the limits of 1 .2 m/s to 1 .4 m/s prescribed by 
the CD standard on an optical record carrier having 
a servo track which exhibits a preformed track 

40 modulation representing track addresses. Such a 
record carrier is known inter alia from EP-A 
0,325,330, herewith incorporated byTeference. 

For the purpose of detecting the address in- 
formation represented by the track modulation the 

45 device comprises an ATIP decoder 60, which de- 
rives from the detection signal supplied by the 
optical read/write head 3 an address code of the 
same format as the address code included in a 
standard CD signal. Moreover, the ATIP decoder 

so derives a clock signal c!7 of a frequency which is 
indicative of the scanning speed. Such an ATIP 
decoder 60 is described comprehensively in the 
above mentioned EP-A 0,325,330. By means of a 
phase detector 61 the phase of the clock signal c!7 

55 is compared with the phase of a reference clock 
signal clref, whose frequency is indicative of the 
desired scanning speed. By means of the fre- 
quency divider 62 the reference clock signal clref 
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is derived from a central oscillator 64. An output 
signal of the phase detector 61, which signal is 
indicative of the phase difference between the 
clock signals cl7 and clref, is applied to an ener- 
gising circuit 63 for the motor 1. The energising 
circuit 63 is of a customary type which depending 
upon the detected phase difference controls the 
motor 1 in such a way that the phase difference 
remains substantially zero. 

The modulator employed in the system shown 
in Fig. 6 comprises a customary CIRC encoder 50a 
and an EFM modulator 50b for converting digital 
information into EFM modulated information in ac- 
cordance with a CD standard. The CIRC encoder 
50a, the EFM modulator 50b and the input buffer 
memory 6 are controlled by a clock generator 9b 
which derives the required clock signals cl3, cl3\ 
cl3" by frequency division from the output signal of 
the central oscillator 64. The clock signal generator 
9b is of a controllable type which can be enabled 
and disabled by means of a control signal supplied 
by the microcomputer 10 to deactive and activate 
the generation of the clock signals. The EFM 
modulator 50b is also coupled to the ATIP decoder 
60 for receiving address codes which are added to 
the modulated EFM modulated signal by the EFM 
modulator 50b, the additional address codes being 
inserted in the subcode channel of the EFM modu- 
lated information in a customary manner. 

The demodulator used in the device shown in 
Fig. 6 comprises a customary CIRC decoder 51a 
and EFM demodulator 51b. The CIRC decoder 
51a, the EFM demodulator 51b and the output 
buffer memory 11 are controlled by clock signals 
cl4', cl4 n and c!4, which are derived by frequency 
division from the output signal of the central oscilla- 
tor 64 by a clock signal generator 9a. The clock 
signal generator 9a is of a controllable type, which 
can be disabled and enabled by means of a control 
signal supplied by the microcomputer 10 to de- 
activate or activate the generation of the clock 
signals. 

A recording and read process control is similar 
to that in the device shown in Fig. 1 , except that 
the track positions where recording and/or loading 
of the output buffer memory 1 1 is/are interrupted 
and resumed is determined suitably on the basis of 
the subcode synchronisation codes present in the 
EFM signal and the address information supplied 
by the ATIP decoder 60. In that case the EFM 
signal need not be adapted and the positions 
where the recording is interrupted can be selected 
independently of the positions where the process 
of loading the output buffer memory is interrupted. 
For the purpose of detecting the subcode synch- 
ronisation code the device comprises a subcode 
synchronisation detector 65 for detecting the pres- 

flnne nf suhoodft synchronisation mrlns in thft out- 



put signal of the EFM modulator 50b. The output of 
the subcode synchronisation code detector 65 sup- 
plies a detection signal for the microcomputer 10 in 
response to every detection of a subcode synch- 

5 ronisation code. For the detection of the presence 
of subcode synchronisation codes in the read sig- 
nal the subcode synchronisation detector normally 
present in the EFM demodulator 51a may be used. 
Arranging the input buffer memory 6 before the 

to EFM modulator 50b in the embodiment shown in 
Fig. 6 has an additional advantage. Indeed, as a 
result of this arrangement of the input buffer mem- 
ory 6 the address codes supplied by the ATIP 
decoder 60 can be applied directly to the EFM 

75 modulator. This is in contrast to an embodiment in 
which the input buffer memory 6 is arranged after 
the EFM modulator 50b. 

With respect to the position of the buffer 
memories it is to be noted that, in principle, the 

20 memories usually available in the CIRC encoder 
50a and CIRC decoder 51b may be used, provided 
that their storage capacities are adequate. Alter- 
natively, the buffer memories may be arranged 
between the CIRC encoder 50a and the EFM 

25 modulator 50b and between the EFM demodulator 
51a and the CIRC decoder 51b. An essential fea- 
ture is that the input buffer memory 6 is arranged 
in the data path before the modulator 50b and that 
the output buffer memory 11 is arranged in the 

30 data path after the demodulator 51a. 

As a result of the temporary interruption and 
resumption of the recording process it may happen 
that the phase of the recorded signal exhibits a 
phase discontinuity at the location where the re- 

35 cording has been interrupted temporarily. During 
reading such a phase discontinuity may give rise to 
read errors. When information is recorded to which 
redundancy has been added for the purpose of 
error correction, such as for example in a standard 

40 CD signal, such read errors can generally be cor- 
rected without any problem. However, by compara- 
tively simple means the magnitude of the phase 
discontinuity can be reduced by synchronising the 
clock signal, which is applied for the purpose of 

45 controlling the extraction of information from the 
buffer memory 6, with a data clock signal derived 
from the read signal obtained by scanning the track 
portion situated before the position where recording 
is to be resumed. This may be realised, for exam- 

50 pie, by adapting the system shown in Fig. 6 in a 
manner as shown in Fig. 7. The adaptation involves 
the use of a voltage controlled oscillator as the 
central oscillator 64. (The voltage controlled oscilla- 
tor bears the reference numeral 64' in Fig. 7). The 

55 voltage controlled oscillator 64 is included in a 
phase locked loop circuit. The phase locked loop 
comprises a phase detector for comparing the 

nhasa of a riata olork sional rlarivAd from thA roaH 
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signal vl by means of the EFM demodulator 51a, 
with the phase of a signal derived from the periodic 
output signal of the voltage controlled oscillator 64 
by means of a frequency divider 71. An output 
signal of the phase detector 70 which is indicative 
of the phase difference between the signals thus 
compared is fed back to a control input of the 
voltage controlled oscillator 64* via an electronic 
switch 72, which is controlled by the microcom- 
puter 10, and a loop filter 73 to adjust the fre- 
quency of the output signal of the oscillator 64*. By 
means of the electronic switch 72 the phase locked 
loop is opened or closed depending on the control 
signal supplied by the microcomputer 10. The syn- 
chronisation of the output signal of the voltage 
controlled oscillator 64, and hence the synchronisa- 
tion of the clock signals c!3, cl3 f and cl3° for 
controlling the recording process, with the data 
clock signal is achieved by opening the phase 
locked loop during the recording process and clos- 
ing it briefly before recording Is resumed under 
control of the microcomputer 10. 

The invention has been illustrated hereinbefore 
for a recording and read system for rotating disc- 
shaped record carriers. However, it is to be noted 
that the use of the invention is not limited to 
recording and read systems for rotating disc- 
shaped record carriers. In principle, the invention 
may be employed in any recording and read sys- 
tem in which a scanning means can be moved to a 
previous portion of the track. Moreover, the use of 
the invention is not limited to optical recording and 
read systems but the invention may also be em- 
ployed in magnetic recording and read systems. 

Moreover, it is to be noted that the decision 
criteria on the basis of which the recording and/or 
read process is interrupted and resumed are not 
limited to the decision criteria described herein- 
before. For example, it is possible to interrupt the 
recording and/or read process always after reading 
or recording information from/in an integral number 
of turns of the spiral track. Moreover, it is also 
possible, for example, not to resume recording 
and/or reading until a minimum time interval has 
elapsed. It is always essential that the storage 
capacity is selected to be adequate to compensate 
for the resulting fluctuations in the amount of in- 
formation stored. 

Finally, it is to be noted that the invention is not 
limited to systems in which the recording device 
and the read device form an integrated unit. The 
invention may also embodied in systems compris- 
ing a separate recording device and a separate 
read device. 



Claims 



1. An information recording and read system 
comprising scanning means for scanning a 
track on a record carrier of an inscribable type 
for the purpose of recording and reading in- 

5 formation, the scanning speed during recording 
substantially corresponding to the scanning 
speed during reading, a recording device com- 
prising recording means for recording informa- 
tion in the track at the scanning location, a 

w read device comprising read means for read- 
ing the information recorded in the track at the 
scanning location, characterized in that the re- 
cording device comprises an input buffer 
memory for, prior to recording, temporarily 

75 storing information to be recorded, recording 
control means for causing the recording to be 
interrupted, for causing the scanning spot to 
jump to a preceding portion of the track, and 
for causing the recording process to be re- 

20 sumed when the track portion where the re- 
cording has been interrupted is reached again, 
in such a way that a degree of filling of the 
input buffer memory remains between specific 
limits, in that the read device comprises an 

25 output buffer memory for the temporary stor- 
age of the read information prior to the extrac- 
tion of the read information, and read control 
means for causing the storage of the informa- 
tion read to be interrupted, for causing the 

30 scanning spot to jump to a preceding track 
portion, and for causing the storage of the 
information read to be resumed when the track 
portion where storage has been interrupted is 
reached again in such a way that a degree of 

35 filling of the output buffer memory remains 
between specific limits. 

2. A system as claimed in Claim 1, characterized 
in that the recording device comprises a 

40 modulator for modulating, prior to recording, an 
information signal which is representative of 
the information to be recorded, the read device 
comprising a demodulator for demodulating, 
after reading, a modulated information signal 

45 read, the recording device being adapted to 
store the non-modulated information signal in 
the input buffer memory and/or the read de- 
vice being adapted to store the information 
signal read, which has already been demodu- 

50 lated, in the output buffer memory. 

3. A system as claimed in Claim 2, characterized 
in that the modulator comprises means for 
adding address information to the information 

55 signal, the device further comprising means for 
deriving the address information from a track 
modulation of the track being scanned and 
means for applying the address information to 
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the modulator. 

4. A system as claimed in any one of the preced- 
ing Claims, characterized in that the recording 
means are clocked, the device further compris- 5 
ing synchronisation means for synchronising a 
clock signal for the control of the recording 
process with a data clock signal derived from 
information read from a track portion which is 
scanned prior to resumption of the recording. 10 

5. A system as claimed in any one of the preced- 
ing Claims, characterized in that the device 
comprises address-generating means for sup- 
plying addresses which are indicative of the rs 
instantaneous scanning location, the recording 
control means and/or read control means being 
adapted to interrupt the recording and/or read 
process at an instant which is shifted by a 
predetermined time relative to the recording 20 
and/or read process of a synchronisation code 
included in the information, the recording 
and/or read control means comprising means 

for the storage of the address associated with 
the position of interruption of the recording or 25 
read process, and means for determining the 
position in the track where recording or read- 
ing should be resumed on the basis of the 
stored address and one of the synchronisation 
codes included in the information which is read 30 
prior to resumption. 

6. A system as claimed in any one of the preced- 
ing Claims, characterized in that the scanning 
speed during recording and reading is between 35 
1 .2 and 1 .4 metres per second. 

7. A recording device for use in a system as 
claimed in any one of the Claims 2 to 6. 

40 

8. A read device for use in a system as claimed 
in Claim 2, 4, 5 or 6. 



55 
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